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The recent decline of pollinating insect populations is driven by a conjunction of factors, 39 including habitat fragmentation, use of pesticides, multiplication of pathogens, global 40 warming and the decline of the wild flora [1] . Agricultural landscapes have changed, 41 harbouring fewer floral resources and habitats to support diverse pollinating communities 42 [2, 3] . Consequently, many agricultural landscapes are becoming less conducive for 43 pollinators and for beekeeping activities [4] . At the same time, areas that were previously 44 rarely exploited by beekeepers are now under strong pressure to receive apiaries; this is the 45 case in natural habitats and cities [5, 6] . Indeed, cities harbour diverse plant species flourishing 46 all year long due to management practices [7] and heat island effect, thus providing resources 47
throughout the year for pollinators [8] . The low pesticide policies applied in many 48 conurbations also may create favourable conditions for the maintenance of diverse pollinator 49 communities [9] . In parallel, inhabitants have associated A. mellifera to the quality of their 50 public [10] . Many citizens have thus installed colonies as their own contribution to mitigate 52 the pollinator decline [11, 12] and urban introductions of honey bee colonies have been 53 promoted by public authorities and decision makers. In many cities, this has translated into 54 very recent and rapid increases in the number of honey bee colonies (10 colonies per km 2 in 55
London -United Kingdom [13] , 15 colonies per km 2 in Brussels -Belgium [14] ). 56
However, cities are not depauperate in wild pollinating insects and there is increasing 57 evidence that they host diverse assemblages of wild bees [15, 16] . This has led to rising 58 concern about numerous introductions of honey bees in cities, that may negatively impact the 59 wild pollinating fauna through competition for floral resources [11] . In other habitats, such as 60 semi-natural (calcareous meadows [17] or scrubland [18, 19] ) or agricultural landscapes, 61 several authors have detected exploitative competition between domesticated and wild 62 pollinators through the monopolization of floral resources by honey bees [20, 21] . However, it 63 is largely unknown to what extent honey bee introductions in cities could impact wild 64 pollinator communities and their foraging activity on urban plant communities. Moreover, the 65 effect of increasing honey bee densities has rarely been assessed using network approaches 66 [11] . Massively introduced honey bees might impair the pollination function at community 67 level by, for example, focusing their visits on managed (ornamental) plant species rather than 68 spontaneous ones [11] . Here, we explore those issues in the city of Paris (France), which has 69 recently experienced a strong growth of its honey bee populations within a few years. In 70 2013, Paris hosted 300 honey bee colonies, and in 2015 this figure had more than doubled, 71 reaching 687 colonies, corresponding to 6.5 colonies.km -2 (data of the veterinary services of 72 Paris; Fig 1) , and has continued to increase since. In this context, our first objective was to 73 analyze the effect of increasing honey bee colony density on the visitation rates of wild 74 pollinators at the community and morphological group levels. Secondly, we explored how the 75 The city of Paris (48°51′12″ N, 2°20′55″ E, Île-de-France, France) is a densely populated 86 urban area (2 220 445 inhabitants in 2014, 105km 2 ). In this city, for three consecutive years, 87 we monitored plant-pollinator interactions in five (in 2014) to seven (in 2015 and 2016) green 88 spaces. We chose these green spaces by their contrasted densities of honey bee colonies in 89 their surroundings (Figs 1 and 2) and for their relative accessibility (access granted by the 90 S2 Table) . 93
From May to July 2014 and from April to July 2015 and 2016, we carried respectively 8, 11 94 and 13 observation rounds per green space, spaced out at least by a week. For each round, we 95 focused our observations on three one-meter squared patches chosen to be well-flourished. 96
For each flower visit, we identified the visited plant to the lowest possible taxonomical level 97 according to the taxonomic repository of France [22] and classified it as managed or 98 spontaneous (see S1 Table) . Mean richness of visited plant species within patches could vary 99 from 2.5 to 6.5 species depending on the flowering phenology of the plants present in the site. The law requires beekeepers to report their honey bee colonies to the veterinary services of 118 the city. This is to our knowledge the most accurate data existing to date regarding the 119 location of honey bee colonies within Paris -even if we are aware that some beekeepers may 120 not report their colonies. We used these data to estimate honey bee colony density within 500-121 and 1000-meter buffers centred on the study sites using the ArcGIS software (Version 10.2). 122
We chose these buffer sizes to match the mean foraging distances of the majority of wild and 123 domesticated bees species [24, 25] . 124 Spatial auto-correlation analysis. 127
All statistical analyses were performed using R 3.2.2 (R Development Core Team, 2015). We 128 checked the absence of spatial autocorrelation between our sites and honey bee colonies. We 129 generated a matrix of distances between sites (see S2 Table) , and built matrices using the 130 number of honey bee colonies in 500m and 1000m around our sites. Mantel tests were carried 131 out between these matrices. No significant spatial autocorrelation was observed for all 2 132 buffer sizes (respectively, 500m -p = 0.749; 1000m -p = 0.204). The same spatial 133 autocorrelation test was significant for the visitation rates of whole wild pollinators (p = 134 0.025) but was not for morphological groups taken separately. Therefore, we added an 135 autoregressive process of order 1 correlation structure (addition of site coordinates and a 136 random effect with years nested within sites) in models which contained wild pollinator 137 visitation rates as the variable to explain. Table) allowed us to estimate the number of floral units/meter 2 at flowering peak. For 153 these two strata, we considered that the flowering period lasted for 1 month. For the 154 herbaceous stratum, considering the flowering phenology, we modelled a normal distribution 155 pattern (μ = 3; To determine the impact of honey bee colony density on the structure of plant-pollinator 179 network, we constructed 19 quantified interaction networks linking flower visitor 180 morphological groups excluding honey bees to plant species, one per site and year. Interaction 181 frequencies were calculated as the number of visits per minute. The structure of the 182 interaction networks was assessed by the interaction evenness using the "bipartite" package 183 [29] . Interaction evenness is bounded between 0 and 1, and derived from the Shannon index, 184 H= p ij log 2 p ij /log 2 F, where F is the total number of plant-pollinator interactions in the matrix 185 and p ij is the proportion of those interactions involving plant i and pollinator j [30, 31] . This 186 index reflects how balanced is the interaction strength between plants and pollinators. It 187 decreases as the network is dominated by few highly frequent interactions and increase when 188 the number of interactions is uniformly distributed [32] . We analyzed the interaction evenness 189 using the same statistical models than for the visitation rate analysis, fixed effects were a) the 190 honey bee colony densities at 500 or 1000 meters around sites, b) the estimation of the floral 191 resources available in a buffer of the same radius and c) the mean plant species richness of 192 each sites. A model simplification based on the Δ AIC > 2 was used (S6 Table) [28]. We 193
included the year nested within sites as random effect to account for temporal repetitions. To assess the pollinator floral preferences of both wild pollinators and honey bees, we 197 summed their visitations on managed or spontaneous plant species (S1 Table) 1% of butterflies and 50% of honey bees). 687 honey bee colonies were declared in Paris in 210 2015, which equates to an average density of 6.5 colonies/km 2 . Visitation rates of wild 211 pollinators were negatively related to the density of honey bee colonies at both spatial scales 212 (Fig 3 and 4 , and Table 1 , 500m -slope = -0.614; p = 0.001 -and 1000m-slope = -0.489; p 213 = 0.005). Large solitary bees performed significantly fewer visits when the density of honey 214 bee colonies increased within 500 meter buffers around our observation sites (Fig 3, Table 1 , 215 slope = -0.425; p = 0.007). This trend was significant for beetles too (Fig 3, Table 1 , slope = -216 0.671; p = 0.002). The visitation rate of bumblebees significantly decreased when the density 217 of honey bee colonies increased within 1000 meter buffers (Fig 4, Table 1 , slope = -0.451; p 218 = 0.012). The visitation rate of honey bees was positively correlated with the number of 219 honey bee colonies within 500 meter buffers (Fig 3, Table 1 -slope = 0.501; p = 0.020). 220
However, we did not record any significant increase in the visitation rate of honey bees with 221 the increased density of hives within 1000 meter buffers. Finally, we did not find any effects 222 of honey bee colony density on the visitation rate of other morphological groups of pollinators 223 such as small solitary bees, flies, hoverflies and butterflies (Δ AIC < 2 between null models and Tables). 226 Regarding the structure of the pollination networks, we found that the evenness of interactions 243 between wild pollinators, excluding honey bee, and plants was negatively related to honey 244 bee colony density within 1000 meter buffers (1000m -slope = -0.487; p = 0.008 - Fig 5,  245 Table 2). 246 honey bees (t-test, p = 0.022). Furthermore, honey bees significantly preferred foraging on 256 managed plant species than on spontaneous ones (t-test, p = 0.001; Fig 6) whereas wild 257 pollinators had no preference for a particular plant group, managed and spontaneous plant 258 species being equally visited (t-test, p = 0.745). We showed that in the city of Paris, the visitation rate of wild pollinators and especially the 267 pollinating activity of large solitary bees, bumblebees and beetles, was negatively related to 268 the density of honey bee colonies in the surrounding. This first finding resonates with a 269 growing body of literature highlighting a negative effect of high honey bee colony densities 270 on the wild pollinating fauna [11, 21] . Although our study is correlative and does not provide 271 direct evidences, our results are consistent with the hypothesis that honey bee might 272 outcompete the wild pollinating fauna by exploiting flowering rewards (nectar and pollen) 273 more efficiently [18, 19, 33] . 274
The negative correlation between the visitation rates of the total wild fauna and the honey bee 275 colony density was found for both scales, within 500 and 1000 meter buffers. When focusing 276 on each pollinator morphological group, this effect was however scale dependent. The 277 visitation rate of large solitary bees and beetles was negatively correlated to honey bee colony 278 density within 500 meter buffers whereas the visitation rate performed by honey bees 279 increased. The bumblebee visitation rates were negatively correlated to the honey bee colony 280 density within 1000 meter buffers. Those differences might be partly due to the foraging 281 abilities of these groups. The large solitary bees includes numerous species which can forage 282 from few hundred meters to several kilometers from their nest, depending on the species 283 considered and the landscape context [24, 34] best adapted to their morphology (deep flowers see [40, 41] ). In that way, small solitary bees 296 might be less sensitive to the increase in honey bee colony densities. The sharp decline of 297 beetles' foraging activity with the honey bee colony density within 500 meter buffers is more 298 challenging to explain. There is little literature on floral preferences of beetles. Also, their 299 foraging range seems to be highly variable. As examples, Englund (1993) found that Cetonia 300 Brassicogethes aeneus up to 1.2km [42, 43] . This underlines the difficulty to relate scale 302 dependent ecological effects with ecological traits of species. For honey bees, we did not 303 detect any increase in their visitation rate with honey bee colony density within 1000 meter 304 hundred meters to several kilometers [44, 45] . Additionally, Couvillon et al. 2015 306 demonstrated that honey bee foraging distances both depend on the type of rewards that 307 honey bees seek (nectar or pollen) and on the month considered [46] . The scale to which 308 organisms respond to landscape characteristics thus appear dependent of the context and 309 sensitive to various components acting together. In dense urban habitats, pollinator's foraging 310 distance might also be sensitive to building height, width or to the spatial distribution of green 311 spaces and floral resources [47] . But at this stage, we cannot exclude that the observed decline 312 in the foraging activity of some morphological groups could be linked to another variable not 313 considered in this study. First, some previous studies did not highlight competitive effects of 314 honey bees on other flower-visitors [48] We also recorded a decrease in the evenness of plant-pollinator interaction networks with the 324 honey bee colony densities within 1000 meter buffers. Interaction evenness decreases when 325 the network is dominated by few and/or highly frequent interactions. A high evenness has 326 been previously associated with a good network stability [51, 52] . Being opposite, a low 327 interaction evenness has been highlighted in degraded ecosystems [53] and in invaded 328 networks [54] . In a previous meta-analysis [11] , we showed that the honey bee position in lower evenness at high colonies densities within 1000 meter buffers should be more linked to 331 the decrease of wild pollinators and particularly of bumblebee's visitation rate. This question 332 the potential impact of urban beekeeping on the whole interaction network and urges once 333 again the need for news studies regarding this topic. 334
In parallel, we showed that honey bees tended to significantly focus their visits on managed 335 plant species, whereas wild pollinators did not show preferences between managed and 336 spontaneous plants. Honey bees often focus their visits on the most abundant resources to 337 cover the colony needs [55] and ornamental flowerbeds might thus be attractive for them. 338
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